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@ A optteal storage disc for use in an optteal 
storage eystem includes a storage layer wfhteh is 
capa^ of being dismpted when a laser beam 
of suffk^nt intensity is focused thereon. The 
oi^ical stOTE^e disc has a transparent substrate 
l^er on one side of the storage layer amJ a 
lacquer layer on the other side of the stoiage 
layer. The disniptions provided by the laser 
beam are selected to provide human readable 
and/or machine readable patterns. To reduce 
the damage to portions of the opticcd disc other 
than the storage layer, the storage layer is 
exposed to the laser t>eam prior to curing, or 
prior to applying and curing the lacquer layer. 
The optical disc can be of the t/pe with data 
written thereon during fabrication, or the disc 
can be of the type In which data can be impress- 
ed thereon after fabrication of the optical disa 
The patterns on the optical disc can be in tine 
form of optical bar codes. In one appiication of 
the present invention involving the type of disc 
on whteh data can be written after fabrication, 
the pattern resulting from application of tfie 
laser beam to the disc is read by an optical 
reading device and hansf^ned to the disc in the 
data fonmat 
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BACKGROUND OF THE INVENTION 

1, Field of Invention 

This invention relates generally to the media s 
upon which information is stored in an optical infor- 
mation storage and retrieval unit and, more particular- 
ly, to the inclusion in the media of an Indelible identi- 
fying code. 

10 

2, Description of the Related Art 

At the present state of technology, the optical 
storage disc is the preferred medium for read-only 
storage of large quantities of information. In this me- is 
dium, the information is retrieved through the Interac- 
tion of a radiation beam with the storage medium. At 
present, three prtncipal types of optical store^e discs 
are in common use. The first type of optical storage 
disc is manufactured with the information stored 20 
therein, generally In the form depressions formed 
into a polycarbonate substrate. A reflecting coating is 
deposited on the polycarbonate sut)strate and the ra- 
diation beam is focused on the reflecting layer. This 
type of optical disc is frequently referred to as a CD 25 
audio disc or a ROM (i-e-> read only memory) disc. 
The second type of optical storage disc has the ca- 
pability of having information recorded (written) 
thereon at sonoe time after the fabrication of the disc. 
Such an optical storage disc is firequentiy referred to 30 
as a wrteUe optical storage disc. The third type of 
optical storage disc has the capacity to have informa- 
tion recorded on the disc after fabrication. In addition, 
at a later time the stored information can k>e erased 
or modified. This type of optical storage disc is gen- 3S 
erally referred to as an erasable or a re-wrHable opt- 
ical storage disc. In each type of optical storage disc, 
the stors^e layer is supported and protected by a 
polycarbonate support substrate and by a protective 
(lacquey overcoat layer. However, the storage layer 40 
is modified in the writable disc and in the erasable 
disc. The storage layer in the writat)le disc Includes a 
reflector layer (generally fabricated from gold) proxi- 
mate the lacquer overcoat layer and Includes a re- 
cording layer, typically a dye polymer layer, proximate 45 
the polycarbonate layer. The newly fabricated writ- 
able optical storage disc has a recording layer that is 
responsive to radiation having selected parameters, 
the radiation changing the optical properties of the re- 
cording layer. Differences in the optical properties of so 
the recording layer can be detected, through the in- 
teraction with an Impinging radiation beam and Infor- 
mation, encoded by means of the optical property 
changes, can be recovered. In order to simplify the 
disci^bn, the rscording, storage, and/or the ref lee- ss 
tive layer of the writable optical disc will be referred 
to as the storage layer. 

During and after the manufecturing process, a 



need has been felt for a technique for providing per- 
manent identification for the disc. In this manner, any 
problems that might originate with the manufacturing 
process can be related to discs fabricated during the 
same period of time or even to the same batch. Sinn- 
ilarly, the history of the usage of the disc can t>e de- 
termined when a record is kept of the Identifying in- 
formation at the time of the accessing of the disa 

In the prior art. Information has t>een applied to 
the surface of the disc, by means of mechanical dis- 
ruption of the surface or by deposition of legible ma- 
terial on the surface. This information, however, t>e- 
ing on the surface of the disc can t>e compromised 
either accidentally or intentionally. 

Recentiy, in U.S. Patent No. 4,961,077 Issued to 
D. L. Wflson et al., a technique for the permanent lat>* 
elling of the discs was descrit>ed. Specifically, the 
m^l reflective layer, upon which the permanent 
identification information is stored asareasof varyir^ 
reflectivity, is marked by means of a pulsed laser. The 
pulsed laser causes an indelible nuurldng on the re- 
flective layer, a marking whteh Is protected by the 
same transparent coating whteh protects the reflec- 
tive coating. The process described in the WBson ref- 
erence is extremely sensitive to the energy level of 
the laser beam, too small an energy level In the laser 
i>eam not providing an identifiable marking, while too 
much energy can disrupt the lacquer overcoat layer 
and/or the polycart>onate layer used to protect the re- 
flective layer. The disruption of the storage layer can 
result in damage to the surrounding portions <rf the 
optical disc. In addition, applying the laser beam to 
the reflective surface through the narrower of the 
two protective coatings is recommended to minimize 
the destructive effects of the laser t>eam resulting 
from the passage of high intensity radiation through 
the layers. 

A need has t>een felt for a technique for provkling 
indelible Mentifying markings for the discs storing 
optical inforrnation which Is relatively insensitive to 
the power of the radiation tieam and whteh reduces 
the damage to the optk^l disa Also needed is a tech- 
nique for enhancing the machine readability of the 
disc markings. 

SmmilARY OF THE INVENTION 

The present invention Is directed to overcoming 
one or more of the problems set forth above. Briefly 
summarized, according to one aspect of the present 
invention, the marking of the disc is performed on the 
storage layer of the optical disc, however, the mark- 
ing Is performed prior to tiie curing of the protective 
lacquer overcoat or prior to the applicatk>n of the pro- 
tective oven:oat itself. Because the lacquer overcoat, 
prior to curing of this materfeil, is relatively elastic, the 
disruption of the overcoat as a result of the laser in- 
teraction with the reflective layer can be accomplish- 
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ed without excessive damage. Tlie markings provid- 
ed by the laser beam are arranged in preselected pat- 
terns, the patterns Including machine readable and 
human readable information. According to one eirv- 
bodiment, optical bar code patterns can be printed In s 
a manner that the position of an optical bar code read- 
er relatWe to the center of the disc is Irrelevant In In- 
terpreting the optical bar code message. 

These and other aspects, objects, features and 
advantages of the present invention wfll be more io 
dearly understood and appreciated from a review of 
the following detailed description of the preferred em- 
bodiments and appended claims, and be reference to 
the accompanying drawings. 

IS 

BRIEF PESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross sectional view of an optical 
storage disc of the type generally referred to as a 
read-only optical storage disc 20 

Figure 2 is a cross sectionsd view of an optical 
disc of the type generaHy referred to as a wrltatHe opt- 
ical storage disc. 

Figure 3A illustrates a first embodiment of a proc- 
ess by which machine readable and human readable 25 
inf<N^mation can be indelibly fbced In the optical stor- 
age media, and Figure 3B illustrates a.second em- 
bodiment of a process by which machine readable 
and human readable information can be indelibly 
fbced in an optical storage media. ^ 

Figure 4 is a cross secttonai view of a mark in an 
optlcd storage disc generated as a result of the proc- 
ess musHBted In Figure 3A. whOe Rgure 4B Is a cross 
sectional view of a mark in an optical storage disc 
generated as a result of the process iiustrated in Fig- 3S 
ure 4B. 

Figure 5 fflustratos an optical disc having machine 
readable and human readable text printed thereon. 

Figure 6 Olustrates how the optical bar code char- 
acters are formed according to the present Inventkm. 40 

Figure 7 Isa block diagram of the storage medium 
and the read/Write head including apparatus associ- 
ated therewtth of the storage and retrieval unit 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTO 

1, DetaPed Description of the Figures 

Referring to Figure 1, a cross-secfional viewof a 
read-only optical storage disc 10 for storing prere- 
corded data (in a fa-m which can be Wentif led by a ra- 
diation beam interacting with the disc) is shown. 
Transparent polycarbonate or substrate layer 12, or 
similar material has an optical transmission character- 
istic whteh permits the radiation interacting with the 
storage layer structure of the optk:al d^ to t>e trans- 
mitted therethrough. The polycarbonate layer also 



acts as a support and protection layer for the rennain- 
der of the optical disc. Next to the polycarbonate layer 
1 2 Is the aluminum reflector layer 1 1 . The polycarbon- 
ate layer 12 is fobricated with the stored information 
as a surfoce structure. The reflecting layer is depos- 
ited in such a manner as to provide a surface gener- 
ally retaining the structure of the polycarbonate sur- 
face. A lacquer or other protective overcoat layer 13 
is applied to the aluminum reflector layer in an un- 
cured state. The lacquer or protective layer is typically 
of the type which is cured by ultravidet radiation and 
the cured lacquer layer 13 supports and protects the 
aluminum reflector layer 11. in the past, identification 
markings 14 have been typically printed on the sur- 
face of the lacquer overcoat layer 1 3 or mechan toally 
scribed in the surface of lacquer overcoat layer 13. 

Referring to Figure 2, a writable optical storage 
disc 20 used for the storage of Information is shown. 
In this type of optical storage disc, the data can 
be 'written' on the disc after the disc is fabricated. As 
with the optical storage disc of Figure 1, the writable 
optical dtec includes a polycarbonate substrate of 
support layer 22. The storage layer 5 of the disc con- 
sists of a recording layer 21, which can be a dye poly- 
mer layer, and reflector layer 25, whteh can be fotni- 
cated from gdd. Next to the reflector layer 25 is a lac- 
quer overcoat layer 23, which is applied and then 
cured. Finally, the markings 24 on the surface of the 
disc provkie human and machine readable Informa- 
tion. 

Referring to Figure 3A, the process for provkling 
indelible information on a disc Is shown, in step 31, 
the several layers of the optical disc is assented. In 
step 32, the storage layer and the reflecting layer of 
the optical disc has Informatkm applied thereto, typ- 
IcaHy by using laser radiation to disrupt an interior sur- 
face regfon. In step 33, the lacquer overcoat layer is 
cured, provkiing the final step in the fabrication of an 
optical disc according to the present inventfon. In Fig- 
ure 3B, an alternative process for provkiing indellt>le 
Information on an optical disc Is shown. In step 35, 
several layers of the optk:al disc are assembled. How- 
ever, the surface regfon of the storage layer and re- 
flective layer, on which the writing is to be inscribed, 
4S does not have the lacquer or protective coating ap- 
plied thereon. In step 36. the marking of the surface 
Is accomplished. In the preferred embodiment this 
marking is accomplished by focused high intensity ra- 
diation, such as focused laser radiation. In step 37, 
50 the newly applied protective overcoat Is applied to the 
regfon which has been marked and, if required, the 
protective coating is cured. 

Referring to Figure 4A, a phenomenalogica! rep- 
resentation of an identifying mark on an optical disc, 
65 capable of having information written thereon after 
fabrication, is shown. The disc 20 is fabricated with a 
polycarbonate layer 22, a reflecting layer 25, and a 
lacquer overcoat Iayer23. The disnjption4caused by 
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the laser radiation is in the reflector layer 25, depend- 
ing on the intensity of the radiation can extend to or 
into the polycarbonate layer. In Fig. 4B, the disc 20 is 
assembled with the polycarbonate layer 22, the re- 
flecting layer 25, and the lacquer or protective over- 
coat layer 23. However, a region 25' is not covered by 
the lacquer overcoat TTie radiation causes a disrup- 
tion in a selected region of the reflecting layer 25. The 
radiation parameters can be adjusted to provide rela- 
tively little impact on the polycartxonate substrate. The 
region without the lacquer overcoat can have also 
have printing applied thereto. The additional lacquer 
overcoat is applied, protecting the disrupted and/or 
printed region ami protecting the information repre- 
sented thereby from compromtee. 

Referring to Figure 5, a top view of a optical stor- 
age disc particularly a type of disc 50 known as a 
compact disc (CD) is shown. The optical disc 50 typ- 
ically has four regions which, with increasing radius 
can be defined as the following. Aperture 56 provides 
a structure to engage a spindle for controlled rotation 
of the disc. The next area Is a damp area 53. The 
damp area 53 typically does not have a storage layer 
associated therewith and is used to provide a space 
wherein the spindle can be mechanicaily coupled to 
the disc without interfering with access to the data 
stored on the disc. The mirror area 52 has a storage 
layer assodated therewith tnjt does not have data 
emt>edded therein and, therefore, has a mirror-ltke 
appearance. Data area 51 of disc 50 lias data stored 
on the storage layer induding the reflecting layer as- 
sodated therewith and, consequentiy, because of the 
structure in the r^lecting layer, has a dull appearance 
¥vlien compared to the mirror-like appearance of mir- 
ror area 52. The mirror area 52 can be labelled in eith- 
er a machine readable code 55 and/or with hurnan 
readable markings by the process descnt>ed in Figure 
3A and F^ure 3B, and illustrated by Figure 4A and 
Figure 4B. The ifisc 50 can therefore be labelled or 
marked by cart>onizlng the plastic in damp area 53, 
marking the mirror area 52 of an optical disc 50 in the 
presence of an uncured lacquer overcoat layer 23 and 
then curing the lacquer overcoat layer as descrilMd 
above, marking the mirror area 52 of the disc prior to 
applicatk>nof the protective overcoat 41 and curing of 
the lacquerovercoat region 41 afterapplicationofthe 
protective coating, or marldng the mirror region 52 af- 
ter the protective layer 23 is cured. In the preferred 
embodiment, a group of alpha/numeric charactere 57 
are printed in the damp area 53 and identifying fab- 
rication information. Alpha/numeric characters 58 are 
provided in a human readable fornmt and are printed 
on the surface of the mirror region 52. Code charac- 
ters 59 are provided in the mirror region 52 in a ma- 
chine readalDle (i.e., bar code) format 

Referring to Rgure 6, an expanded view of the 
technique for writing information capable of being in- 
terpreted by an optical bar code reader in a manner 



in which the distance of the reader from the center of 
the disc is not Important, even though the linear ve- 
locity of the optical code past the reader is a function 
of radius. The optical bar code markings 81 are 

5 formed by marldng the area between two radius lines 
61 and 62 from a first radial distance (Ri) 64 to a sec- 
ond radial distance (R2) 65. With this bar code con- 
figuration, for a constant angular velocity of the disc, 
the distance of a bar code reader from the center of 

10 the disc is irrelevant The time each bar interacts opt- 
ically with the detector of the optical bar code reader 
retrieving information from the storage is indepen- 
dent of the distance from the disc center. 

Referring to Figure 7, apparatus for reading the 

15 msK^hine readable markings on an optical disc 70 is 
shown. Aread/wrlte head 75 applies radiation suitable 
for reading oiformation to the markings to the disc. 
The reflected radiation has an intensity nrKxlulated by 
the identification markings 72. The optical read/write 

20 head 75 can klentify the intensity of the reflected sig- 
nal, or, the detector 76 can Identify transmitted radi- 
ation. The resulting signals from either read/write 
head 75 or finom detector 76 are applied to the ana- 
lyzing and storage apparatus 77 where the data is 

25 processed and, when required stored. When the opt- 
ical disc 70 is a disc upon whteh information can be 
written, the analyzing and storage apparatus 77 can 
be used to control the information written on the disc. 
In this manner, the information kJentifyIng the optical 

30 disc can be encoded and written on the data portion 
of the disc in a format compatitrfe with the other data 
written thereoa 

Briefly summarized, according to one aspect of 
the present invention, the nrtarldng of the disc is per- 

35 fornned on the storage layer of an optical storage disc, 
however, the marking is performed priortothe curing 
of the lacquer overcoat layer according to one env 
bodirrant and prior to the application of the lacquer 
coating in a second embocfiment In the optical stor- 

40 age disc of the present invention, the overcoat is fal>- 
ricated from a lacquer material for which ultravtolet 
light provkies the curing reaction and reduces the 
elasticity of the overcoat 

45 2. Operation of the Preferred Bfnbodhnent 

The purpose of the inventbn is to provide a tech- 
nkiue for the application of an indelible klentifying 
marks to an optical disc. Briefly summarized, acoord- 
50 ing to one aspect of the present invention, the mark- 
ing of the disc is performed on the storage layer, how- 
ever, the markni^ is performed prior to the ciffing of, 
or prior to the application of the lacquer or protective 
overcoat layer. Where not previously applied, the pre- 
ss tective overcoat is then applied. The lacquer material 
Is then exposed to ultravk>let l^ht which provkies the 
curing for the laoquer overcoat layer. By marking stor- 
age layer prior to curing of the lacquer overcoat layer. 
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such modifications and applications as do not depart 
from the true spirit and scope of the invention. 



Claims 



the lacquer overcoat layer, when present remains pli- 
able enough to absorb damage that would otherwise 
result from the disruption of the polycarbonate layer. 

in the optical disc capable of having Information 
written or stored thereon after fabrication, the present 
invention has an important application. AfacOlty capa- 
ble of only reading the optical disc would typically not 
have the apparatus to interpret the optical bar code. 
Without the ability of read and interpret the barcode 
automatically, information can be stored on the disc 
which Is not appropriate for that disa Therefore, atthe 
facOity where the data is added to the fabricated disc, 
an optical bar code reader can be used to identify the 
optical bar code information and to include the infor- 
mation automatically in the data written or stored on 
the disc. In other words, the simultaneous presence 
of bar coded encoded infornr^tion and equivalent In- 
formation stored in the format of the inforntation writ- 
ten on the optical disc insures that the disc has not 
been compromised. 

While the storage medium has been desGrit>ed 
t>oth in general terms and In terms of an optical disc, 
other medium for the storage of optical information, 
which have the general layer structure of the optical 
disc, can use the present invention advantageously. 
In addition, the storage layer has been described as 
generally including a reflective layer. The use of the 
reflection of radiation from a storage disc is generally 
used to identify the information stored thereon. How- 
ever, the use of an optical storage disc which relies on 
the Interaction of transmitted radiation with the stor- 
age media oould use the present invention advanta- 
geously. 

Similarly, whie the invention has been described 
with particular reference to a preferred embodiment, 
it wfll be understood by those skilled in the art that va- 
rious changes may be made and equivalents may be 
substituted for elments of the preferred embodiment 
without departing from Invention. In addition, many 
modifications may be made to adapt a particular sit- 
uation and material to a teaching of the Invention with- 
out departing from the essential teachings of the 
present Invention. By way of specific example, the 
lacquer layer used proximate the storage layer could 
be implemented with any materiai having properties 
suitable forthe iMrotection of the storage layer. Byway 
of a different example, in the erasable optical disc, 
the storage layer can be selects of a material where- 
in an impinging radiation beam this appropriate para- 
meters can provide a non-reversible change can lake 
place. The non-reverslt)le change protected from 
compromise by the protective overcoat layer. 

As Is evident from the foregoing description, cer- 
tain aspects of the invention are not Unrated to the par- 
ticular details of the examples Illustrated, and It Is 
therefore contemplated that other modifications and 
applications will occur to those skilled in the art It is 
accordingly Intended that the daims shall cover ail 



1. A optical storage disc capable of having identifi- 
able marking stored thereon, said markings re- 
sulting from an interaction of a laser beam with 

10 said optical storage disc, said optical storage disc 
comprising: 

a support substrate layer, saM support 
substrate layer t>eing transparent; 

a storage layer proximate sakJ support 
IS substrate layer and capable of having date stored 
thereon, said storage layer having a preselected 
pattern of disruptions in a selected region result- 
ing firom irradiation by said laser t)eam; 

a protective layer covering saM proximate 
20 saM storage layer. 

2. The optical storage disc of Claim 1 wherein said 
protective layer is applied prior to fobrication of 
sakJ preselected pattern <^ disruptions, sakl pro- 

25 tective layer t>eing cured after fabrication of saki 

preselected pattern of disruptions. 

3. The optical storage disc of Claim 1 wherein said 
protective layer is applied to saM selected regton 

30 after fabrication of said preselected pattern of 

disruptions. 

4. The optical storage disc of Ctaon 3 wherein said 
pattern of disruptions in said storage layer can l>e 

3S human readable or machine readable. 

5. The optica disc of Claim 3 wherein sakI pattern 
of disruptions can be read by an optical b&r code 
reader. 

40 

6. The optical storage disc of Claim 5 wherein said 
pattern of disruptfons Is structured such that a 
position of sakl optical bar code reader with re- 
spect to said field is independent of radial posl- 

45 tion. 

7. The optical storage disc of Claim 3 wherein sakl 
storage disc selected from the group of optical 
discs comprised of write-once optical discs, writ- 

60 atHe optical discs and erasable optical discs date 
kientified by said pattern of disruptions being 
written on a mirror region of sakl optical disa 

8. The optical storage disc df Ciavn 3 wherein sakl 
55 storage layer includes a dye polymer layer. 

9. The optical storage disc of Claim 1 wherein said 
pattern of disruptions inckides infornnation with 
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respect to the fat)rication of said disc. 

10. Amethod of permanently marking an optical stor- 
age disc, said method comprising the steps of: 

assembling an optical disc having a stor- 
age layer and a polycart>onate layer, 

applying a pattern of disruptions on a se- 
lected region of said storage layer with a laser 
beam; and 

protecting said selected region of said 
storage layer with a lacquer layer. 

11. The method of dalm 10 wherein said optical disc 
can t>e a write-once optical disc or a writable opt- 



viding said identifying markings. 

la. The optical disc of Oalm 1 6 further characterized 
by applying said protective overcoat to said se- 
5 lected region after providing said identifying 

markings. 

19. The opticat disc of Qaim 1 8 further characterized 
by selecting said pattern of disruptk>ns to repre- 

10 sent data In bar code format 

20. The optical disc of Claim 18 wherein said optical 
storage disc is a writable optical storage disc hav- 
ing a recording layer associated with said storage 
layer, said optical storage disc further character- 
ized by said data in barcode format replicated on 
said recording layer in an storage layer format 

21. The optteal storage disc of Claim 18 further char- 
acterized by optical bar code characters posi- 
tioned to be read by scanning the characters dur- 
ing rotation of the disc, sakl optical bar code char- 
acters having an angtdar width that Is a linear 
functton of radial positton. 



teal disc, a writable optical disc having a recording is 
layer associated with said reflecting layer. 

12. The method of Oaim 11 wherein said protecting 
step includes a step of covering said selected re- 
gion with a lacquer overcoat prior to sakJ applying 20 
step and curing sakl lacquer overcoat after sakJ 
applying step. 

13. The rhethod of Oaim 11 wherein said imtecting 
step includes a step of covering said selected re- 25 
gton with a protective overcoat following sakl ap- 
plying step. 



14w ThemethodofaaimlSfiirthercomprisingastep 
of selecting sakl pattern of disruptions to provkfle so 
an optical bar code, wherein a thickness of each 
t>ar code character is a linear function of distance 
from a center of said optical disc. 

16. The method of Claim 13 further comprising the ss 
steps of: 

during a write operation for a writable or 
aBsabie optical disc, readlr^ by a optical bar 
code reader sakl pattern of disruptions, and 

writing information klentif led by sakl opti- 40 
cal bar code reader in a data format on sakl %vrtt- 
al>ie or erasatde optical disc. 

16. Anoptfa^aldiscofatypehavkYgapolycarixmate 
substrate layer and a storage layer, said steerage 45 
layer havkig a pattern of disruptions providing 
klentifying markings, wherein the bnprovement is 
characterized by: 

protecting said pattern of disruptions in a 
selected regton by a protective layer consisting of 50 
a material requiring a curing operation, wherein 
saki pretecttve layer Is cured after provkJing sakl 
klenfif ying markings. 



17. The optical disc of aalm 1 6 wherein said protec- 55 
tive layer requires a curing operation, sakl optical 
disc further characterized by applying said pro- 
tective layer to sakl selected regton prior to pro- 
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